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Abstract: Apple vinegar is increasingly used nowadays as a spice because its good sensory 
characteristics and also it is a natural treatment for different human diseases. Based on these facts 
knowing its aroma profile is essential for the evaluation and authentication of apple vinegar.  
This paper aims are the study of different GC-MS methods for the identification of volatile 
compounds from commercial apple vinegar; and the selection of the best method who will allow us the 
longer number of volatile compounds from our sample. 
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INTRODUCTION 
 
Nowadays apple vinegar is widely used and known for its health benefits in humans. It 
is widely use and consumed due to its good sensory characteristics, cheapness, availability on 
the market and nutritional values.  
Vinegar has been used by the ancient civilizations from Egypt, Babylonia, Greece and 
Roman Empire. Back in the 10th century, Sung Tse, required hand washing with vinegar and 
sulfur in order to avoid any source of infection during the autopsies. Hippocrates, the father of 
modern medicine, has used vinegar to fight infections and has recommended it for cleaning 
ulcerations and wounds. (Johnston C.S. et al, 2006). Pinto T. M. S. et al. in a paper published 
in 2008, have described the effectiveness of a 10 vinegar solution in controlling and reducing 
the number of Candida spp. from the oral cavity. (Pinto T. M. S. et al, 2008). A Japanese 
study, done by Sugiyama M. and his team, in 2003, has demonstrated that the use of vinegar 
or pickled foods that contain acetic acid, can decrease the glycemic index by 20-35%. 
(Sugiyama M. et al, 2003) 
The aroma of the vinegar is one of its most important characteristics because it has a 
influence on its quality. The different types of row materials used for the production of the 
vinegar bring various aroma compounds to the final vinegar whose indubitable flavors and 
aromas characteristic are very desirable for various food products.  
Apple vinegars have a complex composition, based on a very large number of 
compounds, from which the acetic acid represents the main aroma compound found in 
vinegars. (Softly B. J., et al, 1983).  
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MATERIALS AND METHODS 
 
In this study we have used as a sample, apple vinegar bought from a natural products 
shop. A gas-chromatograph Schimadzu GC-MS QP-2010 model, equipped with an AOC-20i 
series auto-sampler, was used for the analysis of the samples  
The GC-MS column used for the analysis was a ZB-5MS capillary column of 50m 
length, 0,32mm diameter and 0,25 µm film thickness. The interface temperature was 250⁰C 
for all methods. Injection mode: Split. Carrier gas was Helium. Detector: MS Ion Source 
Temperature: 250.0⁰C. Mass range 40-400u. Split Ratio 10 and 200. 
The volatile compounds were identified based on their mass spectra, by using two 
different GC-MS libraries: NIST147 and NIST27. 
The remaining parameters were varied depending on the method (A, B and C) used for 
the analysis for the apple vinegar, and presented in Tab. 1. 
 
Tab. 1. 
The parameters varied in the A, B and C, GC-MS methods 
 
Method Parameter 
 Presure (kPa) Linear Velocity (cm/s) Scan Speed Total Gas Flow (ml/min) Split Ratio 
A 37,1 32,9 769 283,3 10/200 
B 37,1 32,9 769 18,3 10 
C 30,1 30 2000 15,5 10 
 
Using these three GC-MS methods we determined the aroma profile of the apple 
vinegar sample. The obtained chromatograms were than compared between them in order to 
establish the best method to be used for apple vinegar authenticity. 
 
 
RESULTS AND DISCUSSION 
 
Using the first method (Method A), with a 200 Split Ratio, a number of six volatile 
compounds were identified, the main ones being: 1-Butanol 3-methyl, 1-Butanol 2-methyl, 
Acetic acid 2-methylpropyl ester, Butanoic acid, 2-methyl, ethyl ester, 1-Butanol, 3-methyl-, 
acetate and 1-Butanol 2-methyl acetate. 
The six, separated and identified compounds are the main volatile constituents of the 
apple vinegar sample.  
For the separation and identification of aroma compounds that are in lower 
concentrations in the apple vinegar samples, the Split Ratio was changed from 200 to 10. 
Thus, a number of 19 volatile compounds were found, the main ones being the same six 
compounds determinate when the Split Ratio was 200 (Tab. 2. and Fig. 1.). 
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Fig. 1. The GC-MS chromatogram of the apple vinegar, by using A method, 
with 2 different Split Ratios (above chromatogram – 10; below chromatogram – 200) 
 
As it can be seen in Table 1, the difference between the A and B method consists in 
the value of the Total Gas Flow. Changing the Total Gas Flow value from 283,3 ml/min 
(method A) to 18,3 ml/min (method B), a number of 19 compounds was forms in the apple 
vinegar sample. 
Even if the number of separated compounds is the same (19 compounds) bought for 
method A and B, there are some differences regarding the identified compounds. As it can be 
noticed in table 2, in the case of B method, vinyl acetate was formed in a relative high 
concentration (6,650%). Also, two other compounds were found using B method: 6-Methyl 5-
Hepten-2-one and 1-Heptene 6-methyl.  
Instead camphor and two other compounds (Pentanoic acid, 3-methylbutyl ester and 
Ethyl Acetate) were found in relative concentrations (1,220%; 0,309% and respectively 
3,086%), when the sample was analyzed with A method weren’t identified in the case of B 
method. Ethyl Acetate is believed to have a wine-like essence. 
Also, lowering the Total Gas Flow from 283,3 ml/min to 18,3 ml/min results an 
increase of analyses time from 56,25 minutes (method A) to 71,25 minutes (method B). 
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Fig. 2. The GC-MS chromatogram of the apple vinegar, using B method 
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Using a different method (C) where the Scan Speed was higher (200), but the Gas 
Pressure, the Total Flow and the Linear Velocity were smaller, compared to the other two 
methods (A and B), we have managed to identify a number of 11 volatile compounds. (Fig. 3) 
The analysis time in this case was 48,25 minutes. 
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Fig. 3. The GC-MS chromatogram of the apple vinegar, using C method 
 
A better comparison of the total number of volatile compounds identified in the 
sample of apple vinegar is presented in Tab. 2. 
 
Tab. 2 
The volatile compounds identified in apple vinegar sample using A, B and C, GC-MS methods 
 
No. 
                    Concentration (% from total 
                                      peaks area) 
Aroma Compound 
Method A 
Method 
B 
Method 
C 200.0 Split  
Ratio 
10.0 Split 
Ratio 
1. Propanoic acid, ethyl ester - 0,300 - - 
2. Ethyl Acetate - 3,086 - - 
3. Vinyl Acetate - - 6,650 - 
4. 1,3-Dioxolane, 2,4,5-trimethyl - 0,915 0,648 - 
5. 1-Butanol 3-methyl 18,998 29,388 32,713 - 
6. 1-Butanol 2-methyl 19,811 30,115 31,955 - 
7. Propanoic acid, 2-methyl ethyl ester - 0,600 0,642 1,535 
8. Acetic acid 2-methylpropyl ester 11,508 4,629 4,079 16,936 
9. Hexanal - 1,539 0,769 2,131 
10. Acetic acid - - - 0,749 
11. Butanoic acid, 2-methyl, ethyl ester 3,914 2,351 2,375 7,963 
12. 2-Hexenal - 1,788 0,892 7,036 
13. Butanoic acid, 3-methyl ethyl ester - 2,119 1,275 - 
14. 1-Hexanol - 2,116 1,117 5,632 
15. 1-Butanol, 3-methyl-, acetate 24,674 10,916 9,397 32,340 
16. 1-Butanol 2-methyl acetate 21,095 7,140 5,992 23,354 
17. Benzaldehyde - 0,428 0,308 - 
18. Hexanoic acid, ethyl ester - 0,349 0,241 - 
19. Acetic acid, hexyl ester - 0,694 0,539 0,726 
20. 6-Methyl 5-Hepten-2-one - - 0,549 1,598 
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21. Pentanoic acid, 3-methylbutyl ester - 0,309 0,234 - 
22. Camphor - 1,220 - - 
23. 1-Heptene 6-methyl - - 0,173  
 
The volatile compounds that were identified in all the samples, whatever the method 
was, were Acetic acid 2-methylpropyl ester, Butanoic acid 2-methyl ethyl ester, 1-Butanol 3-
methyl-acetate and 1-Butanol 2-methyl acetate. All these compounds were found in the 
highest concentration when method C was used, but when also a smaller number of 
compounds were identified. 
Beside these compounds identified with all the methods, some other compounds were 
also identified 3 of 4 methods. These compounds were: 1-Butanol 3-methyl, 1-Butanol 2-
methyl, Propanoic acid 2-methyl ethyl ester, Hexanal, 2-Hexenal, 1-Hexanol and Acetic acid 
hexyl ester.  
 
CONCLUSIONS 
 
The three methods used in this study for the identification of the volatile compounds 
from the apple vinegar, offered us various numbers of volatile compounds, but the highest one 
was identified when using method A, with a Split Ratio of 10 and method B. These two 
methods were different by the Total Gas Flow through the capillary column, and thus the 
Total Analysis Time. 
Only six, from the total of 19 volatile compounds identified, were different in the A 
and B methods. These compounds were Propanoic acid, ethyl ester, Ethyl Acetate, Vinyl 
Acetate, 6-Methyl 5-Hepten-2-one, Camphor and 1-Heptene 6-methyl. 
In this study it can be seen that the acetic acid, is the main volatile organic acid, 
present in our product and that identifies our product as vinegar, and that is the main 
responsible for the sensory characteristics of the apple vinegar. 
Based on this study, a further research will be done to optimize one of these two 
methods that allow us to identify the highest number of volatile compounds. 
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